
JULY, 1914. MONTHLY WEATHER REVIEW. 481 

At 10:30 a. m. the sun’s altitude was about 34O 30’. F’rom inguL5es made by Prof. J. Wmen Smith at 
The results of the meteorological observations macle on Columbus, it appears that in Ohio several persons ob- 
these mornings in Tokyo are as follows: served brilliant and persistent halos on the 1st and 2d, 

Atmoaplwk eorrditio?z on Janwry SO and li’ebnuuy l Y ,  1914. 
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In the above tables the air pressure Is not reduced to SBB level, but only to freezing point. 

3. Horizontal rainbow on March 17, Igl4.--On this 
morning the sky was so clear that we observed not a 
single s eck of clouds and the air was com aratively 

horizontal rainbow from 8:30 a. m. until 9:20 a. m. But 
on account of ripples on the surface of the moat we could 
observe no more after 9 :20 a. m. 

In  the narrower part of the moat, which was nearer to 
[it ?] the north side of the bow was very distinctly visible. 
We could not measure the width of the bow with much 
accuracy, but the value estimated was about 3’. 
In conclusion, the author wishes to express his hearty 

thanks to Dr. T. Okada for his kind guidance. 

calm. i t  the surface of the stme moat we o Yl served a 
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THE HALOS F NOVE35ER 1 AND 2, 1918. 

By Dr. LOUIS BESSON. 
[Dated: Observaloire de Montsourfs. Paris. A ril21,1914. Translated by C. Fitzhugb 

Talman, Professor ~~Meteorology.] 

Some remarkable optical phenomena of the class of 
halos and parhelia were seen in the eastern half of the 
United States on November 1 and 2, 1913. On the lst, 
there was observed a t  man places the halo of 22O radius, 

pertaining to it, but the phenomenon appears to have 
attained abnormal com le,sity only in a rather limited 

northeastern Arkansas, At Springfield, Mo., accordin 
to Mr. J. S. Hazen, Local Forecaster, “this unusual an$ 
remarkable phenomenon excited a eat deal of interest 

phenomenon.” 
The following day, optical phenomena no less remark- 

able, and of a very similar aspect, were again observed, 
but this time at  a eat distance to the eastward, in the 
statea of Virginia,%est Virginia, and Maryland. In  a 
Ietter to the editor of the Scientific American, Dr. E. C. L. 
Miller, of the University College of Medicine a t  Richmond, 
Va., says that the phenomenon was very com lex and 

adds, in a considerable area, for-several i n q e e a  were 
received by the railway compames from tha r  station 
agente out on their linea as to the omse of the phenomena.” 

in some cases brilliant an B accompanied by the parhelia 

region, comprising sout K western Missouri and extreme 

and comment amon all classes an f the office had more 
than a hundred c 9 Is during the day concemng the 

strib‘q at that place. It was doubtless equal P 9 so, he 

and other less common a pearanom, 
less generaly I? observed 
in that region. 

METEOROLOGICAL CONDITIONS ACOOMPANYING THE 
PHENOMENA. 

Brilliant halos often precede or accompan atmos- 

ever, were produced under t picall anticyclonio con- 

of high pressure was over Iowa on October 31, over 
Indiana, November 1, and over West V i y  Nov- 
ember 2. Not much dormation is at han 111 regard 
to the movement of the ice clouds in which the optical 
phenomena were produced. At Springfield, at 10:30 
a. m. of the lst, the clouds were of the cirro-stratus t e 
and were moving from the northwest. At 11:30 t%; 
appearance was that of alto-stratus, moving from the 
west, and about 3 . m. they became stratus, from the 
same direction. &s progressive descent of the clouds 
leads Mr. Hazen to say that “the downward movement 
of the ice particles, from which the halo resulted, was 
evidently large,” and that (‘it is robably true that ice 

have a eater or 
Ess downward movement, and it is su g a t e  that the 

particles and consequently greater downward movement 
or velocit .” This opinxon is entirely in accord with 
that whici I expressed in 1909 in my thesis “Sur la 
th6orie des halos,”’in consequence of a large number of 
similar observations. 

pheric disturbances. Those of November 1 an B 2, how- 

ditions, and were not followed J S J  y ba weather. A center 

f articles, wluch may result in haos, B 
more complex forms of halo may be % ue to large ice 

HALOS OF NOVEMBER 1. 

Mr. J. S. Hazen, 
has furnished a detailed 
phenomenon observed 

rather long duration of the halo; 
to a d e f i t e  time and elev* 

tion of the sun. The part of the phenomenon which st- 
tracted most attention was a wide ring, A, half a degree 

1 A~~na las  de i’obsmmtoire de MontscmIe, lal9, W 161. 
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in width, pass*bg through the sun and running around 
the sky arallel to the horizon (parhelic cirele). This 

“portions of this circle shone out with dazzling white 
light, from an ap arently clear sky.” Around the sun 

halo, D, both com lete, colored, and “of unusual bril- 
liance.” The halo !& is in reality a circle, and the halo D 
a sort of ellipse, but, in consequence of an illusion, of 
which many instances have been recorded, the were mis- 
taken for two intersect’ circles, as shown in d e drawing. 
Mr. Hazen notes a r e m z a b l e  extension of the prismatic 
colors at a and b, inside the space bounded b dotted 

second colored arc, G, was ta ent to the halo of 22’ a t  
its lowest point. The parheliay, P, described as brilliant, 
are shown in the drawing outside the circumscribed halo ; 
normally the should have been inside, since the altitude 

marked the vertical diameter of the halo of 22’. The 
upper half of the halo of 46’, C, was visible. The parhelic 
cmle showed, at 2, y, z, spots of greater illumination, of 
which the h t ,  z, was the anthelion, and the other two, 
y and z, were aranthelia, which the drawing places 

these to be the ordinar aranthelia, the vertical distance 
of which from the antge%on is 60°, but in that case the 
small arcs which ass through them, and which appear to 

constitute something entirely new. From the anthelion 
proceeded two white arcs, B, B, directed obli uely toward 

a pearmce, known under the name of “oblique arcs o 
&e anthelion.” We shall return to this subject later. 

In  reply to a ryues t  for further information, the ob- 
server states that the spots, z, y, z, were not distinctive 
in their characteristics and had more the appearance of a 
difEused tail to a comet than a distinct arc of a circle, 
though it was assumed at the time that there were prob- 
ably such arcs a t  y and z, and a convex segment at 2. 
There was a faint suggestion of color, throu h snioked 
glasses, at y and z, but none at  5.” The arcs, i, B, “were 
not observed until about noon and only for a short time.” 
In his description of the phenomenon, Mr. Hazen speaks 
of a “white spot in the southwest ” which is not shown in 
the drawing. 

At Galena, Mo., the phenomenon was visible between 
11 a. m. and noon, and Mr. H. McGrew made a drawing 
of it, which has been forwarded by Mr. Hazen. There 
is here seen (fig. 2) the halo of 22O, with a bright spot at  
the top; the parhelic circle ending at the halo; the two 

parhelia (which are shown in the drawin in the 

been 3 to 5 degrees distant); two aranthelia, 39’ from 
the anthelion, which is here only &own as the point of 
intersection of two oblique arcs, shorter than those seen 
at Springfield; ha$, traces of a vertical light-pillar 
inside the halo of 22 . Elevation of the sun, 37’ to 39’. 

At Bentonville, Ark., according to Mr. Parker, Assistant 
O , k e r ,  U. S. Weather Bureau, the phenomenon was 
e b l e  from 8 a. m. to 11 a. m. It was “almost exactly 
the 8ame as seen at Danzig in 1661, excepting that there 
was no trace of a mock sun a t  the western extremity of 
the horizontal circle.” (This refers, no doubt, to the 
anthelion.) “At times the horizontal circle was corn lete, 

The up em arc abovs the sun was remarkably bright.” 
re 3, is intended to 

represent the appearance of the p enomenon at 10:30 

waa visib P e from 11 a. m. to 1 p. m. At times, about noon, 

were seen the h a o  P of 22’, R, and the circumscribed 

lines in the drawing. Besides the circumscribe B halo, a 

of the sun di d not exceed 32’ 24’. A white light-pillar, E, 

45’ in azimuth P rom the anthelion. One might assume 

belong to a circle g aving its center a t  the anthelion, would 

s the region of the sun. This is a rare an 8 interestin 

O F W 3  c m  erence of the halo, from which they shou K d have 

but mostly portions of it were obscured by thin c P ouds. 

Mr. Par E er’a sketch, reproduced in Yl 

a. m., but I think that certain particulars were really seen 
earlier, and no longer existed a t  that time. Thus the very 
brilliant ta ent arc, a t  the summit of the halo of 46O, can 
hardly be ot  ”% er than the circumzenithal arc, the appear- 
ance of which is normal1 impossible when the sun is 3 5 O  
above the horizon, whicg was its altitude at 10:30 a. m. 
The paranthelia are situated in their theoretical positions, 
120’ from the sun on the arhelic circle. The weatern 

Both of them are crossed by arca which, in my opinion, 
very probably belong to the halo of 90°, known as the 
“halo of Hevelius.” In  fact, with a solar elevation of 
35’, the halo of 90° radius cuts the parhelic circle almost 
exactly at 120’ from the sun. Lastly, there are seen in 
the drawing parhelia of 46’, described as “bright,” and 
shown exactly on the corres onding halo. 

At Bentonville, Mr. E. &. Jacobs made, apparently 
with great care, four drawings of the phenomenon: vir, 
at  8 a. m., between 8:30 and 9 a. m., at  9:30 a. m., and 
at 11:30 a. m. Solar elevations: 14’, 19’ to 24’, 28’, 
and 39’. I n  two of tahese drawings (figs. 4 and 6) are 
seen the, parhelia of 46’ without tshe correspondy halo, 
an interehng obm-vation, confirming the real an mde- 
pendent exist.ence of t,hese parhelia, which ha4 lon been 

elevation between 19’ and 54’, the halo of 46O was visible. 
In  the drawing (fig. 5) it  a w s  exactly through the par- 

cumzenithal arc, the red portion of which iq shown in 
coincidence with t.he blue of the halo.2 This lack of tan- 
gency of the bands of corresponding color in the two 
luminous arcs is real, and increases in proportion as the 
sun moves away, either u w q d  or downward, from the 
altitude of 22’, at which tg ere IS exact tangency between 
the arcs. With a solar elevation of from 19’ to 24’, the 
maximum departure from tangency is only 0’ 19’, and 
would be quite difficult to obaeme. The first two draw- 
ings show in the southwest, 90’ from the sun in azimuth, 

arhelia crossed by an arc of the halo of Revelius, the 
gal0 being de mibed a< “white and bright.” On the last 
drawing (fig. 7) , made at 11 :30 a. in., are seen only, in 
the north, an arc of t,he parhelic. circle, and, 13’ ( a )  
below, a parallel arc, “very dim,” which is doubtless to 
be classed among the phenomena which Bravais ha! 
termed “ extraordinary parhelic circles.” 

At Neosho, Mo., between S:30 and 10 a. m., Mr. H. G. 
Geyer observed the halo of 33’ and its up er tangent arc, 

plete parhelic circle, a “dog” in the north on this circle, 
“at  rgh t  angles to the sun” (paranthelion of 90’1, and 
“in the west anot.her bright spot, which would be on a 
continuation of the bright streak”. (probably the an the  
lion); finally, “nearly overhead, an am of about 30’” 
(doubtless the circumzenithal arc, or the upper part of 
the halo of 46’). 

one, which was not obscured \ y lower clouds, was brilliant. 

a matter of doubt. Between 8:30 and 9 a. m., wit % solar 

helia. At the summit o 9 this same halo is seen the cir- 

both brilliantly colored, the ordinary par K elia, an incom- 

HALOS OF NOVEMBER 2. 

Dr. E. C. L. Miller observed the phenomenon at Rich- 
mond, Va., where it was particularly well 
furnished to the Scientfic. American a 
(fig. 8 )  and a good description, as follows: “I first notice 
the phenomena about noon and they remained visible 
several hours. 
about 30 degrees above and concentric with the o m n .  
It was white and about the width of the full moon. On 
this circle there were four bright chromatic nodes marked 

T +le The most marked object was a 1 

:The original dmwlng b tinted to show t h i  
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FIQ. l.-Composite drawing of halos observed at Sprinfield, Mo. Nov. 1,1913,bY J. 6. 
Hazer). ,(No definite time or solar altitude.) 

FIQ 2.-Halo seen at Galena, Mo., Nov..l, 1913, by H. McGrew. (Time: 11 a. m. to 
noon; solar altitude: 37"-39'.) 

1913. (Time: 8 a.m.) FIG by E. H. .  s at 1 mi l le ,  Arl Fro. 3.-HdO seen at Bentonville, Ark., by Orin Parker on Nov. 1, 1913. (Time: 10:30 
a. rn 171.) 
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FIG. 5.-Later stage of figure 4 (8:20-9 a. m.). 

I o race D. 452. 

FIQ. 6.-Later stage of figure 4 (930 a. m.). 

IC 
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on the accompanyin drawing a, 6, c, d. About the sun 
there was a marked % ut  not unusual halo strongly chro- 
matic at the oint e, and gradually fading away .toward 

atfalso chromatic. From the point c tangents extended 
out on each side a9 shown. Perhaps the most, unuwal 
part of t.he picture were ;,he lines ig and ih.. They were. 
white, about the same width a4 t,he large circle and w r y  
clearly c‘een from i t.0 g and ha. Beyond g and A they 
became very faint but seemed to curw in to the oint e 

each side as P % own. There was a second concentnc circle 

as shown. On the attached sketch s retwemnts t R e sun -~ ~ _ _ _  ~~ 

and o the zenith -* * *. 
*‘* * * The day was beautiful, an ideal autumn day; 

cool and clear with a slight haze in the air and a bit of 
herring-bone effect in thg sky at times. There were no 
clouds except very low down and the geometrical designs 
traced in the sky were very striking. With some crude 
instruments Dr. Ho kins and I measured the angles as 

In this drawing we recopze  the halo of 22’ and its 
u per tangent arc; ordinary parhelia, a, d, a little outside 

halo of 46’,f; the arhelic circle, with the aranthelia 

retical osition; and, finally, a pair of oblique arcs of 
the ant % elion, ig and ih, which seem to come t,ogether 
again at the summit of the halo of 33’. No anthelion. 

At the Local Office of the Weather Bureau in Rich- 
mond, Mr. E. A. Evans, Section Director, obxw-ed only 
the parhelic circle, the ordinary parhelia with lateral 
tions of the halo of 33’, and paranthelia (of 130’ a ) ,  w iich 
appear to have been crossed bv arcs presenting “faint 
intermittent red to blue colors”’ and whose center would 
a pear, from the observer’s sketch, to be on the +ide of 
t e sky op osite the sun. This would be somewhat anal- 

field. 

best we could and t R e drawing is fairly accurate.” 

t % e halo, which is according to rule; the upper part of a 

of 120°, 6, c, situate f; within a degree or so o P their theo- 

POr-  

ogous % %  to w at  was observed the previous day at Spring- 

Six miles north of Richmond, Dr. E. G. Williams niade 

anthelion are shown in the form 
to have ita second vertex 
halo of 32’. These arcs 
parhelic circle was “snow white. ” 
sends a cutting from the%endleton Times of Franklin, 
W. Va., containing a description of the same phenomenon, 
observed about noon. In this doscription we note the 
following passage, according to which the oblique arcs 
came together at the sun: “Inside this circle” (the ar- 
helic circle) ((was a pointed elliptic figure, formex by 
similar white clouds, with the sun as ita startin point, 

circle. ” 
At Philippi, W. Va., Prof. J. D. Dadisman saw halos of 

33’ and 46O, with their parhelia, and the complete parhelic 
circle; also, op osite the sun, a sort of rainbow with 
paranthelia at t K e point where it met the parhelic c h l e ;  
a tanget arc exterior to  the latter a t  tho position of the 
‘anthelion (oblique arcs of the anthelion?); and, lastly, a 
broad, pale straight line of light ” crossing the sky from 

east to west and passing through the zeruth. 
At Elkins, W. Va., the as ect of the phenomenon, 

Howell, Assistant Obscrver, Weather Bureau, obaervod, 
from 12:05 to 12:58 p. m., the parhelic circle “of bright 
color, rosembling cirrus clouds, brightest opposite the 
sun. * * * Mock suns were observed in the north- 
east and in the northwest, whore the arc of a secondary 
halo intcisectcd the pr-mary one. * * * The arc 
of the secondary ring was less bright than the primary 
ring, and rainbow tints wore not observed.” 

At Staunton, Va., the phenomenon presented a rathw 
different aspect. Mr. J. C. Darnall made a drawing of it, 
in colors, a t  1 p. ni.; this is roproduced schematically in 
figure 10, where h is the halo of 22’; c, the parhelic circle, 
represented as prismaticall colored ( 8) ; p, a parhelion 
of 23’; p’ ,  anot,her colore B parhelion (of 46’8); A, the 
infralateral arc of the halo of 46’, which was brilliantly 
colored. 

-4t Baltimore, Md., thc same infralateral arc was visible 
from 3 ta 4 o’clock, and was very bri ht. Generally 
taken for a rainbow, i t  was widely notice 3 by the peoplo, 
whilc the othor parts of the halo assed unobserved. 
At Takoma Park, Md., Mr. L. M. Jooers, Cooperative 
Observer, saw only the parhelia, tho summit of the halo 
of 33’, also in thc form of a parhelion, and fragmenta of 
the halo of 46’. 

At Braehead, near Fredericksburg, Va., according to a 
sketch made a t  2 o’clock or a little later, by Mr. 8. G. 
Howison, thr. henomenon included the halo of 33’ the 
ordinary parheyis, the halo of 46’, the circumzenithaf arc, 
and a luminous cross limited by the halo of 38’. 

At Wi-hington, D. C., Mr. W. E. Hurd, assistant at  
the observa.tox-y of the Weather Bureau, observed, at  4 
p. in., the same phenomena, without t.he cross, but with 
the upper tangent, arc of the halo of 52’. Prior to 4 
p. ni. only the ordinary halo and t,he parhelia had been 
visible. 

extending insids and to the northern rim of t % e large 

opposite the sun, appears to : ave been the same. Mr. 

BRIEF EXPLANATION OF THE OBSERVED PHENOMENA. 

T h e  luminous phenomena that we have j w t  described 
were produced by the reflection aad refract,ion of light 
from the sun by lofty clouds consisting of ice crystals. 
The greater part of these phenomena can be explained in 
a detailed manner, with a high degree of certainty. For 
others the theory generally accepted is still incomplete 
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or doubtful. Lastly, certain others, very rare and ill-de- 
fined, thus far escape .my precise explanation. 
all known fornis of ice crystals are found faces whic 
meet at angles of 60' or 90". The refract,ioii of light in 
these risms gives n, mqimuiii luminosity a t  33" or 46" 
from t 1 e sun in all direct.ions. Such is the explana.tion of 
the halos of 2 8 O  and of 46". 

In order to explrtin the othef phenomena, .it is necessary 
to assume ice crystals of .a particular forp, onented ina def- 
inite manner by the resistance of the air op osed to their 

hexagonal risms. In  tbs case they fall horizonta.lly, as 
shown in . H gure 11, and we may perfectly explain the 
ordinary tangent arcs of the halo of 2a0, as well as the 

cmurnscribed elliptical ha.10, 
by the refract<ion of tahe solar 
rays which enter by a face, m?, 
and emerge b a face, qn?, con- 
stituting wit{ the former a 
prism of 60°, with horizont,al 

ted rlght hex edge. Moreover, the refraction 

vertical base, a, nnd emerge by 
a lateral face, m, esplains the infralateral arcs of the halo 
of 46" (arcs F F, of fig. 1) .  If the rays enter by a face, m, 
and emerge by a base, we have the supralateral arcs, 
which appear not to have been seen on Novein ber 1 and 2 .  

Other phenomena tire produced by hexagonal prisnis 
oriented vertically. To fuliill these conditions it is neces- 
sary that the riainr iesent, a t  one of their estremities, 
a projecting fate, wgch pla Y the r81e of a parachute. 
b o n g  the o served forms, d2 . t  represented in figure 12 
appears to be the most effect.ive. The refraction of the 
rays which enter by .tt face, mi., and emerge by a face, ms, 
gives rise to the ordinary parhelia of 33'. Those which 
enter by the upper fac? and emerge by n hteral face, m ,  
produce the circunizen~thal arc (observed by Mr. Jacobs 

at Bentonville, fig. 5). The 

me:itioned, t,hosewhch we s Pt in11 
two forms of ice cTystals 

tlescribe preseii tly. and ninny 
o theis! prcseii t verticd f nces . 
"he siniple refl&ct.iun of t.he 
so1:i.r light. on t.hese faces gives 
us the ptwhelic c.ircle. Ver~,ic:iI 
light.-pillais p~ssiiig t,hrough 
t,he sun are csplnined by mul- 
tiple reflections 011 lamellsr 
crystals, oscillating round bho 
horizont,u.l positioii. 

_Now we coine t,o phemiiieiiii 

In nearli 

fall. Ice crystals often have the form of e P ongated right 

( M d  emlarged.) 

\ 

? ~ ~ ~ ? ~ * n M P ~ ~  of the rays which enter by 

PIG. i2.--1es WSM -istine 01 

~ ~ a ~ - - < ~ ~  
p h - w h l c h  ects 88 a psrachute 
when the oombination ia falllug 
talnmghthealr. 

whose espla.n.r.tio!l remiiins hy- 
potheticsl. The anthelion cnii 
hardly be, formed except, by 

double reflectmion 011 faces making a n  angle between t,hem 
of 90'. Figure 13 shows one of t,he possible modes of 
its roduction. For the 1)ar:inthelia of 1'30°, t,he ver- 

in -re 14. No foinls of ice crystals now known fur- 
nish m explanation of t,he white paranthelia seen at, 
90" from the siin, nor of the hnlo of Hevelius, which is 
associated with bhem (observed by Mr. Jacobs at Ben- 
tonville, figs. 4 and 5). In  the assemblages of prisms 
such as are shown in figures 13 nlid 14, the refraction of 
the rays which enter by a vertica.1 face and emerge by 
 other vertical fnce, making with the former ai1 angle of 
90°, might be the cause of the parhelia of 46" (observed 
by Mr. Jacobs a t  Bentonville, fig. 4). In order t.0 ex- 

tka  P faces must fornl a n  nngle of 60°, or of 130°, 11,s 
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plain the extraordina tan ent arcs at the lower point 
of the halo of 22", s u x  as &e arc &3 of the Springfdd 
observation, Qure  1, there has been invoked, without 
much success, the refraction of rays entering by a ver- 
tical face, ?n, (fig. l?), and emerging by the opposite face 
of the lower yramid. We have still to discuss in some 
detail a last ? orni of halo, which is for several rea.sons the 

FIO. 13.-A possible oomblaation of ice orystals which would produca the anthellon, the 
p ~ m i a  or u., etc. 

most interesting of nll those obseived on November 1 
2nd 3. 

The oblique arcs of the anthehn. 

This is a very rare phenomenon, and its appearance in 
the present ciise on two successive days over the same 
region of the lobe is truly astonishia In  1850, when 

13 observations of this henomenon were known. Since 

httving been that obsemed by Brentano, at Ede, Holland, 
in 1900. Bravais proposed a very plausible and inter- 
esting ET lnnntion, RS follows: Ice cryst:ils often present 

be due to the dispersion of light by stria of this nature 
occurring on the faces encountered by the rays which 
produce the unthelion. They would be arcs of small 
circles of the celestial sphere. The centers of these 
circles would reniaiii a t  a constant distance from the 
zenith, but would shift in azimuth according to the alti- 

Bravais publis % ed his memorable wor-s T on halos, only 

that time the number i! as been increased by 4, the last 

on their P aces parallel stria. The arcs i!i question might 

Fro. 14.--A possible combhation of ice orystals whlch would prodme the pamutheli of 
lW, parhelia of a*, eta. 

tude of the s~ in .  TTnfortunatelg, the observations do 
riot aqree well with this theory, with respect to the tra- 
jectories of the arcs in the sky. Among the data suit- 
able for determining the trajectories, those which may 
be especially noted, are: 

1. The inclination of the arcs to the horizon, or the 
angle which they make with each other at their point of 
intersection at the anthelion. 

2. The radius of curvature of the arcs. 



M. W. R 

FIQ. O.-Halo observed at Dale Enterprise Va. .bv Mr. L. J .  Heatwole, on Nov. 2,1913. 

To face p. 434, 

FIQ. 10.-Halo observed at Staunton, Vs., at 1 p. m. an Kov. 2,1913, by J. C. Darnell. 
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3. The shortest distance of the arcs from themnith. 
4. The position of their second point of meeting on 

the side toward the sun. 
The h t  element is difficult for the observer to deter- 

mine, on account of the c.urvature of the arm, and ehould 
be interpreted with caution. The second is no less diffi- 
cult to determine, when the arcs are short. The third 
and fourth can be determined only when the arc8 are of 
great length, but constitute much more definite criteria. 

Before 1913 the 
arca had been observed in 7 cases prolonged as far as 
their second meeting oint, which in 4 or 5 cases had 

Bravaia's h othesis, ths meeting point could not coin- 

and it must have been far above the horizon in all the 

Let us consider especially the last. 

been found to be exact P at the sun. Now, according to 

cide with t F e sun unless the latter were at the horizon, 

cases referred to. 
The observations made in the United States on Novem- 

ber 1 and 2, 1913, furnish some new information. From 
the drawings of Dr. bliller at Richmond, of Mr. Hazen 
at Springfield, of bfr. McGrew at Galena, and of Mr. 
Heatwole a t  Dale Enterprise, c.ertai.li approximate 
measurements can be made, which It will be interesting 
to com are with the indications furnished by the theory. 

tion was between 37' and 38' in 4 cases. 
Angk between the arcs.-Theoretical value, 101'-102'; 

Richmond, 106'; Springfield, 95'; Dale Enterprise, 180' 
(0) ;  Galena, 47'. 

Rad& of eurvature.-iilr. Hazen estimates that the 
a m  seen at  Springfield were arcs of circles "of greater 
diameter than the circle parallel to the horizon." This 
observation is not in accordance with the theory, for the 
radius of the parhelic circle must have been 52" and that 
of the oblique arcs should have been, theoretically, 45'. 

Hinimum zenitA d&ance.-Theoreticnl value, 15"-16O : 
eld, 26': Dale Enterprise, 20' (?). Richmond, 27O; 

Zenith distance of t e second meeting poant of arcs.- 
Theoreti2al value, 65'; Richmond, 59" ; Dale Enter- 
prise, 64' (?). 

In  the drawing of Dr. Miller, of Richmond, it is noted 
that the part of the arc situated on the side toward the 
sun had a greater curvature and a less intensit than the 

summit of the halo of 2 2 O ,  fortuitously joining the 
obli ue arcs and a pearing to be a prolongation of them. 
On 'h t e other hancf it is nnted that a t  Franklin, W. Va., 
these arcs appeared to meet at  the siin. 

In  short, it is not possible to draw very definite conciu- 
sions from these Observations. It is greatly to  be desired 
that whenever the obli ue  arcs of the anthelion are again 

ments, and the same may be said of such other rare 
aranthelia of go', the halo of Heve- 

The so I) ar altitude calculated from the hour of observa- 

spril:P 

red. One mi ht inquire whether this part o P the curve 
was not realy f an extraordinary tangent arc at the 

seen they should be su 1 jected to exact angular measure- 

{us, the parhelia o P 46', etc. 
henomena as the 

ADDJTIONAL REPORTS. 

Peoria, IU.-A solar halo was observed on November 
1, 1913, about 4:25 p. m. It was the usual ?%degree 
circle without marked brilliance or other unusual fea- 
ture, ace t that the illuminated band was wider than 
usual. T%e 1st was a clear day, with cirro-stratus niov- 
ing from slightly north of due weat, appearing in the 
southwest and southern sky in the late afternoon and 

m. There 
covering about one tenth of sky at 4:30 
were also a few of the same clouds near t e northwest 
horizon.-kf. L. FuRer, Lmd Fole~mter. 

PmmZa, FZa.--On November 1st a solar halo was 
observed at 9:45 a. m. It was part1 cloudy from 6 a. m. 

a. m., partly cloudy from 11 a. m. to 12:30 p. m., then 
clear past sunset. * * * There were no unusual 
characteristics in our halo of the 1st.- Wm. F. Reed, Jr., 
Locd Forec&. 

Memphis, Tenn.-A solar halo was observed at  this 
station on November 1 at 3:30 p. rn: On November 2 
there was no halo observed. There is nothing recorded 
to show that there was anything iinusual or remarkable 
in the appearance of the halo on the 1st.-8. C. Emery, 
Locd Forecdr. 

Mmn,  Ga.-Xone [no halo] was observed here on the 
Ist, but on the 2nd the phenomenon was seen clearly. 
It was fimt noticed in the morning from 10:50 a. m. to 
about 11:15 a. m. Owing to partial cloudiness which 
prevailed a t  that time near the sun, it was only a 
of a circle and quite faint. But in the afternoon rom 
1:40 p. m. to about 3:30 p. m. it was ver clear and dis- 

about 22' radius. At about 3:30 . m. the clouds 
became very dense and it disappearel Nothing pecul- 
iar or unusual was obsrrved in connection m t h  it.- 
W. A. Mitchell, Local Foremder. 

C?7mleaton, S. C.-Bright solar halos of 22' radius wem 
observed on November 1 and 2. That on the 1st occurred 
from 3 p. m. to 4:30 p. m. and was bright with distinct 
narrow rim, ehowing thc colors plainly. That on the 
2nd last2d from 9:30 a. m. to 5 p. m. and was rpmark- 
able for the brillianc: of the primary colors, red, green, 
blue, and the distinct narrow rim. It was much bnghter 
on the se ment nearest the zcnith and the green was 

obserwd north and south of the sun but they were indm 
tinct, being obscured somewhat by alto cumulus clouds. 
There was a faint lunar halo with no unusual character, 
istics from 6:40 to 7:50 p. m. of the 2d.-J. H. Scott, 
Local Foreeaster. 

Hou&n, Tex.-A solar halo of 22' radius was observed 
at 1 p. m. November 1, 1913. While plain1 visible, 
nothing unusual was noted. Thc character 07th day 
was artly cloudy with 0.7 clouds.-B. Bunnemqer, Se+ 

C'orpus C7wk&, Tez.-There was only one solar halo 
observed at this station. It was first noticed at 12:50 
p. m., 90th m?ridian tinic, of [November 11. For- 
an uninterrupted circle of no more than 15' ra&us 
around the sun, the halo was well defined in colors. No 
other section of the halo was discovered. A thin layer 
of alto-stratus clouds covered the sky near the sun at 
the time. The halo faded away about 2 p. m.-W. F. 
Lehmn, Observer. 

Augustcc, G c c . 4 ~  [November 31 the sky was cloud 
with cirro-stratus clouds throughout the da and a well 

There was, howevrr, no thy  remarkable or unusual 
about this halo.-E. D. Em$ , Lorn1 Forecaster. 

Washington, D. C.-At about 3 p. m. of [Noveniber 21 
at my home in Washington, D. C., I observed a very 
brilliant solar halo consisting of the usual circle of about 
22' radius, a white horizontal band passing thro h the 
sun, and brilliant arhelia whwr this band cut% 22- 
degres circle on ei tri er side of thc sun. * * * It was 
the most perfect solar halo I had ever observed. So far 
as I can remember, it is the first halo in which I have 
observed the white horizontal band distinctly.-Hd& 

to 8 a. m., cloudy with upper clou (% from 8 a. m. to 11 

p" 
tinct, a perfect circle most of the time o 9 white light, of 

exceptiona 9 ly vivid. About 4:30 p. ni. "sun dogs" were 

t ion 5 irector. 

d e h e d  solar halo ww observed late in tfl' 2 afternoon. 

H. K b W ,  Pmff?-88W Of kfdmrology. 
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Cohmhs, Ohio.-No halo was observed at this station 
and we h d  no report of i: in the file of the local papem- 
J. Wnwen Smith, Pro essor qf Meteorolo y. 

were received of the appemance of solar or lunar halos, 
for the most part inconspicuous, on or about the dates 
in question at  a number of places in the east,ern hnlf of 

[In rep1 to a circu ar letter sent by 3 rof. Smith to the 
Weat,her 5 ureau cooperative observers in Ohio, reports 

the's t a te .] 
FoTt Smith. Ark.-&. 1,. J. Gut.brie. Local Forecau- 

'ter, sends a drawing of a halo seen on bctober 31, con- 
sistinf of the circumzenithal arc and the two parhelia 
of 46 . . I . , L- ' 3 5; ,[-i 
THE DIFFERENT FOMS OF HALOS AND THEIR 

OBSERVATION.' 

By LOUIS BESSON, Observatoire de Monkouris. 

[Translated by Cleveland Abbe, Jr., May-June, 1814.1 

INTRODUCTION. 

Halos are optical meteors roduced by t,he light of the 

They consist of curves or of luminous foci, either white 
or tmted with primlatic c,olors. The remarkable bril- 
liancy the may attain, the estreme variety of their 

appear!nce, make t,heir observance and study most 
interesting. For these reasons numbers of astrono- 
mers and physicists have aid particular attention to 
them a t  different times. &e owe memorable descrip- 
tions of halos to Hevelius. Tycho Brabe observed 
them carefully at Uraniabor f i fo r  16 years. Among the 
chief we may mention Huy em, Mariotte, Fraunhofer, 
Young, Venturi, Galle, as aving studied this class of 
phenomena and laborecl more or less successfully to 
establish a theory of them. The theoy  was, however, 
still uit,e imperfect when Bravais took i t  up toward the 

so far perfected and complet.etl t.he thenrv that he seemed 
to have indeed succeeded in ui t.e sat.isfactorily esplain- 

f n  fact, even today t3he theory cn.nnot be re arded as 

large number of t,he fornis, because esisting observa- 
tions are generally f a r  too few and t'oo inesact to fur- 
nish a satisfactory check on the results of computation. 
This is why ihe Austrian hysicist Pernt.er, in his recent 
treatise on meteorologicaf optics, could plausibly reject 
the Bravds theory relating to three kinds of tangent 
arcs of the 46O-hal0, and substitube another theory 
which ives them quite diflerent forms. 

rare halos which have been observed but once or twice 
and remain wholly enigmatical. Not only is their 
ex lanation still imperfect,, but it will be a long time 
be P ore we shall have n complete list of their forms. We 
still have rather frequent reports of conibinntions a.nd 
forms that have never been reported duiin the centuries 

known forms still await observat,ion. 
Halos will, therefore, Ion offer a fertile field of investi- 

order that a larger number of pei.sons may turn to this 

siin or of the moon, in cloucs P composed of ice crystals. 

forms, anc 9 the somewhat fantastic character of their 

midd 9 e of the last, century. I n  a niasterlF nienioir he 

in all the known forms of ha '1 1)s. 

other than a more or less probable hypothesis P or a very 

On t a e other hand, there is a whole class of estremely 

that have past, and i t  may be supposed t B at many un- 

gation. Observers should % e made nware of this fact in 

___ 
1 Beason, Lad% Lea difT6rentea formes de halos et lenr observation. E i i ~ l t  du Bul- 

letin de la SOciBt.4 astmmomique de France (mars, avrU et mai 1811). Also published 
mpsratsly Psris. [lOll?J 23p..#)flp. 8 5  

field of study. In fact our knowledge of halos can not 
adva.nce a t  all rapidl unless numerous persons located 

life, can see more than a fraction of the tota 7 possible 
forms of halos. The well-known French meteorolo 
Renou watchecl ceaselessly for halos during more t rt an 
hnlf a century, nevertheless he never saw the oblique 
arcs of the anthelion, nor the halo of Hevelius, nor the 
paranthelia of 90°, not to mention many another rarer 
phenomenon. 

From time to time every assiduous observer will find 
his pains rewarded by his being the first to make some 
angular measurement or some important discovery; but 
he will never be able to elucidate more than a portion of 
the subject by nieans of his own unaided observa.tions. 
On the other hand, if there are numerous observers in 
each country pa ing intelligent heed to the halos occur- 
ring, there can <e no doubt that in a few years many 
uncertainties and ga s will disappear from the theory of 
these phenomena. fndeed many of their forms, though 
extremely rare at  any given place, probably occur often 
enough at  one place or another upon the earth. * * * 

ub- 
lished in scientific works are quite inadequate, bot! as 
regards quantity and quality. The niajority of them 
are quite devoid of interest since they pertain to pheno- 
mena which the obsewer thought extraordinary, but 
were rea.lly nothing other than more or less brilliant 
manifestations of known phenomena.. Sometimes there 
are among the described forms, curves whose form is not 
vet well defined or that appear to be new ones. Un- 
fortunately the descriptions of those ortions of the 

confidence in the observer's other descriptions. 
Often 

indeed, he is skilled in the most delicate measurements of 
If his observation is bad or 

Ea.s not the value t,hn.t should attach to it, the reason is 
that, he wns not familiar with this very special class of 
phenomenn. One observes but poorly tha.t with which 
one is unacquainted. 

Here as in everything else, if one is to do useful work 
in studying halos it is indispensable that one shall be well 
ac uainted with them and racticed in o b s e g - t h e m .  

observer for some little time, it is not easy'to acquire 
this prac.tica.1 knowledge. True, various works on 
nieteorolo y or on eneral physics present more or less 

exposition of their theory. None of these sourcea, 

oints on t Tl e globe shall observe them. No 
individua F observer, however vigilant throu hout his 

As n matter of fact, the observations on halos 

phenomenon whose identit is undoubte : almost always 
reveal such ina.ccuracies t i at they greatly weaken our 

In  most cases the observer is a man of science. 

hysics or of astronomy. 

Uness 1 one may profit by f essons from an 

complete F ists of ha B o forms, and a more or less detailed 

perienced 

of eisons disposed to undertake observations and should 
in K icate to those already engaged points to which they 
should particularly direct their attention. , 

What are. halos? 

We shall now pass in review the various known forms 
of halos, beginmng with those of most frequent occur- 
rence and the easiest to perceive. 


